We compared multiple lipooligosaccharide (LOS) extracts from individual strains of Neisseria gonorrhoeae. Each of the extracts was prepared from single mass cultures grown on solid media under similar conditions but separated by time. We found only subtle variations in the number, electrophoretic mobility, and concentration of components of the LOSs from individual strains. We found no variation in tlw expression of a 3.6-kilodalton LOS component that carries the L8 LOS epitope. A significant variation in the 3-deoxy-D-manno-octulosonic acid content was found among different extracts from the same strain, but this variation appeared to be unrelated to the other LOS characteristics studied.
the principle outer membrane glycolipid5 of Neisseria spp., in the pathogenesis and immunobiology of N. gonorrhoeae have been presented recently (1, 6-9, 11, 12, [15] [16] [17] [18] [19] [20] 23) . The LOSs of Neisseria spp. are multicomponent and display considerable interstrain and intrastrain heterogeneity with regard to numbers of components, their molecular sizes, and their relative concentrations (19) . The presence of bactericidal antibodies directed against gonococcal LOS antigens in both normal human serum (18) and serum from patients recovering from disseminated gonococcal infections (7, 15) suggests that these antigens would be appropriate vaccine agents for stimulating immunity against infections. Immunologic and physicochemical studies incumbent in the characterization of these antigens require large amounts of LOSs which, in turn, require large amounts of raw material. We met these requirements by growing strains in separate batches of plates, usually over a period of 5 to 6 weeks. The usefulness of LOS characterization studies depends on the stability of the expression of these molecules within the outer membrane and can be influenced by environmental conditions and phase of growth (10, 12) . We were concerned that subtle changes in environment from batch to batch, e.g., temperature fluctuations and CO2 tension, would affect the characteristics of the LOSs produced by a given strain. It was our purpose here to study lot-to-lot variation among LOSs extracted from the same strain grown en masse at different times but under essentially the same conditions. We assessed the physical, chemical, and antigenic attributes that have been extensively used to characterize neisserial LOSs.
(Part of this research was presented at the Fourth International Symposium of the Pathogenic Neisseriae, Asilomar, Calif., 21 to 24 October 1984.) Strains of N. gonorrhoeae (see Fig. 1 ) were grown as confluent cultures in batches of 500 plates of GC medium base agar (Difco Laboratories, Detroit, Mich.) containing 1% defined supplement (19) . Each batch was incubated under increased CO2 tension (candle extinction) in large humidified plastic containers for 20 h at 37°C. For each batch, organisms were harvested, prepared as acetone-* Corresponding author. powdered cells, and stored in individual containers. LOSs were extracted separately from each batch by a modification of the hot phenol-water technique (2), purified by three or four cycles of ultracentrifugation, and then lyophilized. Lots of LOSs from each strain were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (19) , silver stained (21) , and compared by densitometry with regard to numbers and relative concentrations of the components present in each extract. Expression of the meningococcal L8 LOS epitope was detected as previously described (17, 19) ; the 3-deoxy-D-manno-optulonosonic acid (dOclA) content of LOS extracts was estimated as previously described (13) .
The components of the LOSs of neisserial strains are relatively small; their Mrs range from 3,100 to 7,100 (19) . The SDS-PAGE patterns, the number of bands visualized by the silver stain, and their relative mobilities were the same in multiple extracts from each of the nine gonococcal strains (Fig. 1) .
We previously showed that the silver density of each of the three major components of strain WR213 LOS, as determined by densitometry and peak area analysis, was linearly related to the quantity of whole LOS electrophoresed from 0.25 to 2.0 ,ug (16) . The percent composition of components, as estimated by densitometric analysis, of the silver-stained, SDS-PAGE-separated LOSs from the nine gonococcal strains shown in Fig. 1 is given in Table 1 . Here, for four WR213 extracts, the ratio of the average concentrations of the three LOS components, from the fastest migrating to the slowest, was 2:1:1 (Table 1) . Within a strain, the relative concentration of the most abundant component differed <10% from the average concentration of that component (Table 1) . Differences of >10% were observed in single extracts of strains DAV, DOV, and GC56 and in 4 of 10 strain F62 extracts. Among the 10 F62 extracts, the densitometer detected two major components, both whose average contribution to the whole LOS was 50% (Table 1) . Six extracts varied little from these proportions (means 47 and 53%, respectively); band 1 was underrepresented in Table 1 in ascending fashion; the most mobile, lowermost band is number 1. extracts but integrated it only in extract 8; it was summed together with band 1 in the latter.
Migration in SDS-PAGE and the dOclA content of gonococcal LOSs are independent variables (18, 19) . The dOclA content of five F62 extracts varied widely (6.2 to 13.9% of dry weight). Variations in the dOclA content of extracts from the same strain exceeded those of the test itself (P > 10-4; one-way analysis of variance). Variations in the dOclA content of multiple LOS extracts from Salmonella minnesota Ra and RcP-rough mutants were determined for comparison, as these LOSs did not show the heterogeneity of neisserial LOSs in SDS-PAGE (18); they were within those of the test itself (P = 0.1 to 0.2). The physical heterogeneity within the LOS of a strain is largely accounted for by differences in the numbers and nature of the glycoses, particularly dOclA and hexosamines, in the oligosaccharide moieties (5, 22). Variations in the dOclA content of different preparations of LOS from the same strain and the independence of dOclA content and Mr (18, 19) can be explained by variations in the expression of components whose oligosaccharide differences in dOclA content (22) are too subtle to be detected by densitometry of SDS-PAGE-separated LOSs.
We assessed the stability of epitope expression within extracts of LOSs by using a mouse monoclonal antibody that binds to the L8 LOS epitope found on a 3.6-kilodalton component of the LOSs of N. meningitidis and serumresistant N. gonorrhoeae strains such as WR220 and WR302 (17, 23) . The monoclonal antibody bound a component of identical mobility (band 1) in each of the extracts from both strains (Fig. 2) . While all four WR220 extracts were applied, ostensibly, in equal concentrations, in extract four there was discordance between the silver density of band 1 and the L8 immunoblot intensity. Until the factors affecting both silver density and L8 immunoblot intensity are better understood, we note the difference but can offer no explanation. (10, 12, 14) . None of these culture methods lends itself easily to the production of large cell masses. Although we demonstrated a small degree of bioinstability of LOS expression in strains grown in the manner described here, particularly in chemical composition, we judge it to be insufficient to mitigate the usefulness of our method of culturing in producing the large cell masses and quantities of LOSs needed for the definitive characterization of gonococcal LOSs. (Fig. 1) is number 1.
b Extracts whose composition differed >10% from extracts from the same strain, as calculated for the co relative proportion.
c NP, Not present.
